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SUMMARY A computerised system for measurement of vibration at the abdominal surface was constructed which was addressed to the evaluation of gastrointestinal (GI) motor function. Preliminary studies revealed a dominant low frequency signal which was synchronous with the heartbeat and was considered representative of aortic pulsation. This was excluded by selective spectral filtration. The remaining signal was processed and measured by computer, with provision of quantitative energy values as well as of graphic display. The developed method, called surface vibration analysis (SVA) has been evaluated clinically; (a) 
Subjects
This study was carried out in nine patients with troublesome symptoms of 'gas bloat' syndrome, after antireflux surgery, which had been carried out at a mean of 4*8 years previously. These patients were selected for treatment with a new gastrointestinal stimulant, cisapride. This agent is a new synthetic, peripherally acting cholinergic agonist (Janssen Pharmaceutica, Grove, Wantage, Oxon, England). None of the patients in this group had diarrhoea.
Study protocol
In this study, baseline SVA recordings and measurements of oral to caecal transit time (OCTT) were taken in response to the standard solid meal in an identical manner to that outlined above.
Each patient acted as his own control and returned one week after baseline studies, for a repetition of the SVA and OCYT tests in response to intravenous cisapride, to obtain stimulated measurements. Cisapride was given as a single (4 mg) intravenous bolus midway (15 minutes) through the fasting phase. (Fig. 1) . Detailed examination of this signal by analysis of amplitude as a function of time, showed the regularity and rapid rate of rise and decay, consistent with a pulse (Fig. 2a) . The repetition incidence of this signal was always synchronous in The signal shown has been captured over a 1024 second interval, and has been neither processed norfiltered by the SVA system. Note the repetitive high energy tracing, with rapid rise and decay consistent with an energy pulse. The repetition rate of54/minute was exactly synchronous with the heartbeat. This dominant signal was considered to be representative ofaortic pulsation. (b) Signal attenuation by high passfilter. This is the same signal as shown in Fig. 2a , but it has been processed by the SVA system, utilising a 4 pole high passfilter. Note the considerable attenuation ofthe dominant pulsatile signal, which has been achieved.
time with the directly monitored heartbeat. Attenuation was achieved by the incorporation of a four pole high pass filter which eradicated the pulsatile signal with minimum effect on the SVA signal at higher spectral frequencies (Fig. 2b) . The final SVA system incorporated this signal conditioning circuitry.
CLINICAL EVALUATION OF THE DEVELOPED SYSTEM
Solid meal study The characteristics of the subjects in the three groups differed (Table) . Spearman's rho (Q)=-0-486; 32 df; p<001.
times were shorter (p<0-01) and postprandial SVA vaues were greater (p<0-05) in post gastrectomy patients, when compared to volunteers (Table) . An inverse correlation was observed in the total group, between oral to caecal transit times and postprandial SVA energy values (Q=-0-486; p<0-01) (Fig. 3) .
The graphic display of the SVA system showed a typical high early postprandial energy peak after the solid meal, which generally subsided within 20-60 minutes (Fig. 4) .
Drug stimulation study
The ages of the patients range from 34-76 years (X (SEM)=60-9 (6.2) years). Intravenous cisapride promoted intestinal transit, with a reduction of oral to caecal transit times from (X (SEM)= 132-78 (17-5) min) before to (X (SEM)=70-0 (7-9) min) after cisapride [p<001 by Mann Whitney]. The graphic display of the SVA system clearly showed the effect of Cisapride stimulation of GI activity (Fig. 5 ) when compared with baseline (Fig. 4) greater sensitivity to transmitted energy within a frequency range extending beyond the acoustic, and low susceptibility to any airborne background noise. Initially, the method was designed to capture energy within a spectral range of 2-60000 Hz, because there was little published work to indicate the optimum. The initial dominant signal which was found, however, had the rapid rate of rise and decay consistent with an energy pulse, was synchronous with the directly monitored heartbeat and was considered to represent a vascular pulsation, most likely emanating from the aorta (Fig. 1) . Fortunately, this high energy signal, which was unwanted in these studies, had a low frequency range and it was possible to exclude it by the incorporation of a low frequency four pole high pass filter. In addition, the wide bandwidth initially utilised was accompanied by some high frequency electronic noise, and therefore, some high frequency attenuation was also incorporated, giving the system a flat response between 40-10 000 Hz.
With a maximum signal frequency of 10 KHz, it became clear that accurate processing and measurement of lengthy signals by conventional analogue to digital conversion would require manipulation of vast I data quantities. Indeed, previous work which has addressed the concept of digitisation and computerisation of bowel sound energy was limited by these technical considerations, to analysis of very short duration signals -for example, 5-20 milliseconds duration9'0 which rendered meaningful interpretation impossible.
We therefore, chose to approach this problem by a method involving total data integration over set intervals of five seconds, which was then addressed to the inbuilt analogue to digital converter of a BBC microcomputer (sampling rate 100 Hz). This method allowed accurate digitisation of the integrated signal and permitted capture and analysis of long duration signals for evaluation against conventional tests of gastrointestinal activity. Indeed, this study has for the first time shown a correlation between vibrational energy which can be captured and measured at the abdominal surface and oral to caecal transit times for solids. These findings suggest a relationship between vibrational energy detected by this method, and propulsive gastrointestinal motor function.
While this observation is important, further exposition must at this point, be speculative. The SVA system addresses fluctuating mechanical pressure waves, at the abdominal surface, emanating from intra-abdominal sources and the magnitude of these changes is related to both the force and motion, associated with the signal source.' Thus from this principle, gastrointestinal contractions associated with propulsion or retropulsion of intraluminal contents would be expected to yield a greater signal than segmental contractions. Furthermore, the observations in this study have largely concerned the fed phase of gastrointestinal activity, in which propulsive contractions are known to predominate.'4 Thus, if our hypothesis that the SVA system preferentially addresses propulsive activity were correct, then it could explain the observation of this study of a significant correlation between quantitative SVA values and oral to caecal transit time of solids. The system's graphic display allows qualitative assessment of captured signals. In the postprandial state, a variable high energy peak was seen immediately after the pause for meal ingestion, which lasted 20-0 minutes, with a more gradual return to fasting activity thereafter (Fig. 5) . These findings bear some resemblance to those of Gill et all5 who found by intraluminal manometric studies, that the duration of postprandial motor activity in the gastric antrum and duodenum varied from 50 (13) minutes after small solid meals to 147 (38) minutes after larger solid meals and was maximal in intensity shortly after the meal had been ingested.
Measurement of drug effects on gastrointestinal motor function, is conventionally, very difficult.
Because our studies had shown a correlation between quantitative SVA measurements and propulsive activity (transit times), it was decided to proceed with an investigation of the system's sensitivity for detection of changes induced by a known prokinetic gastrointestinal stimulant (cisapride). In the event, cisapride produced a significant quantitative SVA response in the fasting phase in the 'gas bloat' patients. In the fed state, cisapride promoted GI activity, with a significant acceleration of intestinal transit, but a non-significant increase in postprandial SVA values. This latter discrepancy may be related to the small number of subjects concerned. It is clear, from the initial solid meal study that although a significant correlation exists between SVA values and transit, the correlation coefficient does not approach unity. Thus, the relationship may not be evident when patient numbers are small, as in the present drug stimulation study. The findings are nonetheless encouraging, and it is possible that with development, that this system could prove useful for evaluation of drug effects on the gastrointestinal tract in a clinical or experimental context.
In conclusion, the findings of these studies provide strong evidence that the energy which is captured and measured by the SVA system, emanates from the gastrointestinal tract and is related to propagative activity. These findings raise certain questions, however, concerning the physics of high frequency signal generation in the gut, the proportional organ contribution to the total signal, and the relationship, if any, of SVA signals in the fasting phase to the migrating motor complex. We hope to address some or all of these questions in subsequent studies. 
